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orests provide essential ecosystem services (ESs) such as timber production, water filtration, and scenic beauty. For many ESs, there is a disconnect between those receiving the benefits (e.g., the general public) and the decisionmakers whose choices provide the services (e.g., the landowner or public forest manager). Because of this disconnect and because no market exists in which to trade many of these services, landowners have little incentive to consider these values when making land use decisions. This is a classic indication of potential market failure (Hanley et al. 2002) .
Landowners considering only market prices for "products" from their forestland are more likely to choose land use options, such as development, which provide greater net benefits to the landowner. Thus, fewer acres may be retained in forests, resulting in a potential loss of societal benefits.
Given the increasing threats to ES provision, efforts to develop policies that protect these service flows have increased (Mercer et al. 2010) . Since the 1990s, the ES framework has been embraced by natural scientists and the conservation community; there is increasing interest in the use of incentive-based approaches to conservation, including payments for ecosystem services (PES) (Gomez-Baggethun et al. 2008 ). 1 PES programs involve direct payment from at least one buyer to at least one seller in exchange for the provision of a defined ES that would not otherwise be provided (Wunder et al. 2005) . They are particularly suited to address perceived market failures due to externalities . Some PES programs, such as the US Department of Agriculture Conservation Reserve Program, have been in place for several decades (Jack et al. 2008 , Mercer et al. 2010 . Existing programs provide payments to private forest landowners in exchange for carbon sequestration, water quality, biodiversity, and multiple ESs (Mercer et al. 2010 ). Federal and state-run programs provide about 20% of these payments, whereas private sources provide about 80%. There are significant regional differences in access, but the PES idea is being marketed to private forest owners through consultants and other industry channels (e.g., Elliott 2011). Future interest is likely to increase in all regions, raising the probability of short-term market disequilibrium in that demand for payments (by land-owners) will exceed the supply of payments (from government programs or private parties).
In theory, each privately owned forest parcel provides a potentially unique set of ESs. An efficient PES program would provide payment to the landowner of just sufficient size to ensure continued provision of these services. In practice, this level of price discrimination is often infeasible; excessive transaction costs might outweigh any increased efficiency, and the ability to justify different payments to different landowners is at least somewhat constrained (Jack et al. 2008) . When there are limited resources with which to fund payments to landowners, it can be helpful to target payments to certain land or landowners based on the net benefit provided, the magnitude of payment required by the landowner, and/or the chance that benefits will be reduced without the payment (Wuncher et al. 2008) .
In this article, we consider how nonmarket valuation techniques could inform conservation targeting based on the relative value of ESs provided. Using a geographic information system (GIS) landscape analysis, we identify social and ecological characteristics of forests that are expected to affect ES values and classify private forestland into categories based on these characteristics. We then evaluate the relative value of the public benefits provided by different types of forest using both benefit transfer and stated preference techniques. Our purpose is not to explore the relationship between specific forest management decisions and ES production or values, nor is it to estimate the value of forest ESs. Rather, we seek to illustrate how valuation techniques can be used to target conservation efforts on a relatively broad scale and to highlight the implications of methodological choices. We use data from both stated preference and benefit transfer exercises to map potential priority targets for a PES system. The two approaches suggest quite distinct priorities. In practice, the use of a single valuation approach would have implications that might be overlooked if the methodological factors are not explicitly considered.
Scope of Application
We consider prioritization in the context of designing a system for direct payments to private forest landowners in Georgia, whose land use decisions provide ES benefits to the general public. Although a system that considers both benefits and costs would be most efficient (e.g., Polasky et al. 2001 , Wuncher et al. 2008 , our primary goal is to illustrate how valuation techniques can be incorporated. Such techniques typically estimate benefits, so we limit our prioritization to the relative benefits provided by different parcels of forest. In practice, our results should be evaluated alongside other factors.
Approximately 92% of all forestland in Georgia is privately owned (Harper et al. 2009 ). Timber and forest products are an important part of the Georgia economy (Riall 2010), but private forests are a significant source of other ESs as well. We identified eight types of ESs forests provide: timber and forest products, recreation, gas and climate regulation, water quantity and quality, soil formation and stability, pollination, habitat provision, and aesthetic and cultural services (Table 1) . We are focused on the externalities at the root of the market failure problem and so limit our analysis to those ESs that provide the greatest indirect use and nonuse values. These are the services for which there are limited mechanisms available to the private landowner to capture the rents. There are market mechanisms for private landowners to receive the benefits from provision of timber and forest products (Riall 2010) and from recreation (e.g., hunting leases) (Mercer et al. 2010 ), so we exclude these services from our analysis.
Landscape Classification
The relative ES benefit provided by a particular acre of forest is determined by three factors: ecological processes present, the number of people affected by these processes, and the tastes and preferences of the affected population. Previous research has focused primarily on the ecological differences that affect ES value (e.g., Liu et al. 2010) , but this analysis is incomplete. Two forests plots identical in ecological processes will not necessarily have the same ES value. For example, if one of these parcels is located in an urban area and the other in a rural area, the urban forest will probably have a greater ES value because more people are around to seek, directly or indirectly, those services. This is particularly true for use values (Bateman et al. 2006) .
To better capture differences in benefits, we developed a classification system that incorporates all three factors. We considered six characteristics expected to create differences in the flow and/or value of ESs: forest type, riparian status, rare species richness, scenic visibility, development class, and geographic region. Table 2 describes each characteristic and how it was applied to Georgia's private forests. For example, land cover data show that 25% of Georgia's privately owned forests are deciduous, 54% are evergreen, 5% are mixed forest, and 16% are wetlands.
Forest type, riparian status, and species richness relate to the ecological processes occurring in a particular location. For example, different forest types have different carbon sequestration rates, riparian forests play a greater role in the water cycle, and forests with high rare species richness provide potentially greater wildlife values. Species composition and land management decisions will also affect these ecological processes, but we selected characteristics to distinguish the provision of ESs using broadly available data and matching the level of specification available in the valuation literature.
Management and Policy Implications
This article considers how economic valuation techniques can be used to identify private forestland where the greatest ecosystem service benefit per unit area can be achieved. This information can be used to target conservation efforts on a relatively broad scale, but caution must be used to understand the implications and challenges associated with the particular valuation technique used. We compare the private forest conservation priorities suggested by benefit transfer and stated preference valuation data. The resulting maps show significantly different priorities, but the differences are largely due to differences in methodology. The benefit transfer results suggest prioritizing forested wetlands and riparian buffers, with the highest priority areas primarily along the Georgia coast. The stated choice results also suggest some priority placed on riparian areas but identify a more significant priority in northern forests due to greater population density, income, and different individual preferences. Much of the difference in results is due to differences in how the two valuation approaches operationalized value in our application. The benefit transfer approach intends to transfer value independent of the mechanism used to provide the ecosystem service. The stated choice study focuses on a particular mechanism.
Scenic visibility relates to ecological processes and population size. The processes create the view, but some views are visible to more people, potentially increasing their value. Development status (urban, rural, or suburban area) and geographic region (North, Middle, or South Georgia) also relate to social factors. Research on distance decay of nonmarket values suggests that forests in urban areas, other factors held constant, are likely to have greater ES use values per acre because of the greater population density (Bateman et al. 2006) . Moreover, tastes and preferences differ regionally, and these can affect both use and nonuse values.
We obtained geospatial data layers through the Georgia GIS Clearinghouse (Georgia Spatial Data Infrastructure 2011) ( Table 3) . There were 432 possible combinations of the characteristics considered, although not all combinations were equally represented in Georgia. No private forests in Georgia were characterized as riparian, low rare species, visible from a highway, and in an urban area of South Georgia. In contrast, Ͼ12% of all forests in Georgia fell in a single class (rural, South Georgia, evergreen, nonriparian, nonroadside, low rare species).
The land classification is a first step toward prioritization. A riparian forest with a high number of threatened species is likely to rate fairly high on the priority list. In some applications, this step might be sufficient. A 
Nonriparian (83) X
Rare species richness Low (64) X Importance in providing habitat for key species is measured by the number of rare, threatened, and endangered species probably found in an area.
Middle (29) X High (7) X Scenic visibility Roadside (6) X X Land within a 30-m buffer of major federal, state, and county roads is considered particularly visible.
Not roadside (94) X X Development class Urban (2) X X Forests in urban areas (defined by housing density) provide higher ecosystem service values.
North Georgia (26) X Values depend on tastes and preferences of the population, which are assumed to vary across the state.
Middle Georgia (31) X South Georgia (43) X decisionmaker might find that all parcels particularly important for Ն3 ESs take priority. This choice implicitly assigns each ES identical importance, whether intended or not. Alternatively, one might impose explicit values and use the landscape classification to implement these. If it is exogenously determined that water quality is the priority service, one need only look for parcels important for this service. Economic valuation methods allow a way to differentiate locations based on the relative ES benefits when priorities are not already identified.
Relative Per Acre Benefits
We took two approaches to estimating the relative benefits of different forest parcels: benefit transfer, based on developing parallels to existing valuation data (i.e., extrapolation from related studies), and a stated choice experiment, using survey data collected specifically for this project. With two approaches, we illustrate what might be done under differing circumstances and identify challenges associated with each approach. In the end, the two approaches suggest different prioritization schemes, highlighting the need to understand the valuation tools being used. Much of the difference in our results can be attributed to data availability and a subtle difference in what is actually being valued. In this section we discuss the methods and results from each technique in turn.
Value Transfer
Benefit transfer (BT) valuation techniques use results of previous research to infer value estimates for a new application (Champ et al. 2003) . For each ES considered, we began with a preliminary estimate of the per acre benefits based on the values reported in Liu et al. (2010) . We then considered the sources used to generate that value. We removed some source estimates, reestimated others to better apply to populations, incomes, and forests of Georgia (rather than New Jersey, as in Liu et al.) , and considered other relevant studies identified through Environmental Valuation Reference Inventory (EVRI) and EconLit (by the American Economics Association). We searched for specific forest ESs and Georgia and southeastern applications. Further details of this process can be found in Moore et al. (2011) .
From these existing studies, we estimated the average per acre benefits of each service by forest characteristics (Table 4) . For example, water regulation and supply include ES benefits related to avoiding flood damage, maintaining water supply, and reducing water pollution. These benefits are largest for riparian and wetland forests due to their importance in the water cycle. They are also larger in urban and suburban areas where floods cause more significant damage to property and a greater number of people are affected by improved water quality. Collectively, these estimates were derived through point value transfer from 10 previous studies of the value of water quality or quantity improvements. Further details of the BT estimation can be found in Moore et al. (2011) .
A single forested acre can provide multiple ESs, but there is little guidance in the existing literature regarding how values of individual services should be aggregated for a given location. Often, values are assumed to be linearly additive, so that the value of an acre is the sum of its climate regulation value, water regulation value, erosion control value, and others (e.g., Wilson 2006, Liu et al. 2010 ). Although we report individual value estimates for each service considered, we also considered the sum of these values and used this sum to create a map of the relative value of ESs (Figure 1 ). Our estimated aggregate per acre values range from $212 to $8,800/year, depending on the characteristics of the forest, and the variation can be used to target PESs.
2 However, the additivity assumption raises concerns about the potential effects of comple- (Turner et al. 2008) . Currently, the literature on joint production of ESs is primarily theoretical or conceptual with few empirical models that could be used in a BT framework.
There are many additional issues to consider when using a BT approach for this type of application (Johnston and Rosenberger 2010) . We highlight the two most relevant to our results. First, our results report many zeros because of data limitations. Although every acre provides some water or wildlife value, using value transfer constrained us to previous research that typically focused on riparian areas for aquatic services or important wildlife areas for wildlife-related services. Values from these areas are naturally higher than those for other areas, so it is not reasonable to transfer these values to all forest types. Lacking additional information to infer values for these other forest types, we ascribed a value of zero. Similarly, Krieger (2001) indicated that the costs of dealing with sedimentation range from $1.94/ton of sediment in the Little Tennessee River Basin in the southeastern United States to $5.5 million/year in the Willamette Valley of Oregon. However, these estimates were very site-specific and could not reasonably be converted to average $/acre/year values and reliably applied across Georgia.
A second issue is the similarity (or correspondence) between the original valuation study and the new site (Rosenberger and Phipps 2007) . Correspondence factors include both ecological similarity and similarities in sociodemographic variables, such as income. Although our original intent was to limit original studies to those that considered forests in the southeastern United States, there were few such studies and almost no studies based on Georgia forests. We expanded our criteria to include additional studies from other regions of the United States and, in one case, Sweden. However, we narrowed other correspondence factors. We excluded original studies that focused on iconic resource issues (e.g., Monterey Bay) and transferred some studies to the relevant subset of Georgia's forests (e.g., studies of flood damage costs in urban New England were only transferred to urban areas of Georgia). Although these steps are intended to mitigate correspondence error as much as possible, we found the paucity of original valuation estimates from southeastern forests fairly limiting.
Our primary objective was to prioritize conservation of forests providing relatively greater ES benefits. Rather than estimate the true welfare effect of a change in ESs, our goal was to identify preference weights to target payments to relatively more valuable forestland. With BT, this preference weight is based on extrapolated valuation data, and so these results provide a coarse assessment of these relative values. BT methods are commonly used for valuing ESs. We include this example to illustrate how methodological choices, such as which valuation technique to rely on, can have significant consequences for management decisions.
Stated Preference
One alternative to BT is a stated choice experiment (SCE) (Louviere et al 2000 , Champ et al. 2003 . We conducted a SCE via mail survey of the Georgia general population during 2010. Focus groups and a pretest were used to refine the survey, particularly the valuation scenario, before implementation. The survey contained information on forests and questions related to recreation, the environment, and demographics. In addition, respondents were invited to participate in a hypothetical referendum that would affect the future of Georgia's private forests. The survey motivated the referendum by explaining that Most of the forested land in Georgia is privately owned. These private landowners enjoy many of the benefits listed above and almost all follow environmental guidelines designed to protect water and soil quality. But, even people who do not own forestland benefit from some of the services provided by forests. This presents a major challenge: can we, and should we, encourage private forest owners to consider the benefits of their land management decisions to other people?
The referendum would create a program to provide financial incentives to forest landowners who manage their forestland in particular ways. This program would be voluntary; private landowners would choose to agree to the program in exchange for payment. Payments would be funded through a combination of higher prices for wood products, water, energy, or other products. In addition, the program might target specific types of forestland (e.g., greater incentives to riparian landowners). Survey participants were asked four valuation questions (Figure 2) . Each question presented two alternatives for the design of the PES program, including the possible inclusion of one of four public priorities: wild- life, scenic views, water quality and quantity, or no public priority. If a priority was identified, the program would prioritize payments to owners of land most significant for the priority. Thus, if wildlife were a priority, the program would "prioritize management of forests to provide the greatest impact on wildlife," a scenic priority would "prioritize management of forests along roads and highways to provide the best scenic vistas," and a water priority would "prioritize management of forests near rivers, streams, and lakes to have the greatest impact on water quantity and quality downstream." With no public priority, the program would more generally offer incentive payments to protect ESs.
To be clear, this experiment estimates the value of a forest conservation incentive program. To say such a program would prioritize protection of forests important to wildlife is not the same as saying the program will increase wildlife populations or protect a specific amount of wildlife habitat. We wanted to estimate public preferences regarding the design of a PES program. Therefore, the study values program attributes, not necessarily the services themselves. This subtle difference in framing must be considered in interpretation of our willingness to pay (WTP) estimates.
In a SCE each question is a choice between two or more alternatives. By asking many different questions with different combinations of attributes across the sample, the analyst can estimate the marginal value of the various attributes (Champ et al. 2003) . In our survey, each alternative was defined by seven attributes, each with four or six possible values (Table 5) . There are many factors to consider in the design of a SCE, including the believability of the scenario, the number of attributes and alternatives, and the number of questions asked of each respondent (Champ et al. 2003) . One unresolved issue in the literature is the inclusion or exclusion of an opt-out or status quo alternative, which our survey did not include. Theoretically, the ability to express a preference for the status quo is needed to provide a baseline scenario on which to base welfare estimates. However, a recent empirical study found that inclusion of the status quo alternative does not change parameter estimates (Boyle and Ozdemir 2009). Here, we are interested in the relative value of attributes and do not estimate the welfare change from a baseline scenario. Thus, the omission of the status quo option is not a significant concern.
The final version of the survey was sent to a sample of 3,000 Georgia residents, stratified by geographic region following a modified Dillman method (Dillman 2006). The overall response rate was 28% with no significant difference across regions or survey versions. Although the response was lower than desired, nonresponse bias is less of a concern for our application. Whereas nonrespondents could be expected to have different absolute values for a PES program, they are not expected to have different preference weights for the attributes of the program we describe. Similarly, we do not address any potential hypothetical bias that might exist due to the hypothetical context used in stated preference methods that would upwardly bias WTP estimates. We do not expect the magnitude of the bias to be Table 6 . Regression results for each region.
North Georgia (n ϭ 976) Using a standard random utility model and multinomial logit regression, we modeled the deterministic part of utility as
where AreaNG, AreaMG, and AreaSG represent the percent change in forestland in North, Middle, and South Georgia, respectively, and the public priorities for each region are binary variables. Because error structures were expected to vary by region, separate models were estimated for the three regions. Regression results are reported in Table 6 . Given that an incentive program is implemented, Table 7 shows the marginal WTP, measured in $/household/year for a program that would increase forested acres by 1% in the region, under different priorities. For example, we estimated that a typical household living in North Georgia would be willing to pay $15/year for a program that would increase forestland 1% in North Georgia, but only $11/year for a program that would increase forestland in Middle Georgia and $6/year for a program that would increase forestland in South Georgia. Two key observations were that individuals reported a positive WTP for a program that increases forestland across the state, but did have a higher WTP for prioritizing forestland in their own geographic region and people were willing to pay a premium for a program that prioritizes forests important for water and wildlife resources but less for scenic views (roadside forests).
Household WTP estimates such as those reported in Table 7 might be used to compare household WTP for different attributes or model how a change in population might lead to a change in aggregate WTP for such a program. Our goal is to prioritize different parcels of forests across the state in terms of their role in providing ESs with public value. To do this, we needed to convert these values to $/acre/year. A scaling factor, SF k , was created for each region, so that
where k indexes the region. The first term on the right-hand side estimates the number of households in the region, with regional population (population k ) and average household size (hhsize k ) from US Census data. acres k represents the number of privately owned forested acres in the region, so the second term converts from a marginal WTP for a 1% increase to a per acre value. The household values in Table 7 were multiplied by the appropriate scaling factor for each region, and these regional values were summed to estimate the total WTP of Georgia residents for a PES program with particular priorities (Table 8 ). The per acre values range from $52/year for prioritizing all forests in South Georgia to $4,642/year for prioritizing riparian or wetland forests in North Georgia. Figure 3 maps the distribution of relative values.
Discussion and Conclusion
The objective of this article is to illustrate how nonmarket valuation methods can be used in landscape-level decisionmaking and to highlight the challenges of doing so. Although traditionally used to estimate changes in social welfare due to changes in environmental quality, nonmarket valuation techniques are intended to identify individual preferences for different bundles of goods. These are vital for establishing PES priorities. However, our results clearly illustrate that management implications can be as much a reflection of the valuation technique used as they are of actual public values. Although valuation can be a useful tool in identifying and implementing forest conservation targets, it is essential that the analyst carefully evaluate the implications of using a particular valuation technique.
In our study, the BT approach and the SCE approach result in significantly different maps of conservation priorities (Figures  2 and 3) . The BT results suggest prioritizing forested wetlands and riparian buffers, with the highest priority areas primarily along the Georgia coast. The SCE results also suggest some priority placed on riparian areas but identify a more significant priority in northern forests due to greater population density, income, and different individual preferences. Much of the difference in results is due to differences in how the two valuation approaches operationalized value in our application.
First, the BT approach was severely limited by the lack of previous studies estimating forest ES values in study sites with high correspondence to our study site. Many of the ESs were estimated to have zero value not because the public does not value them, but because no other information was available. The priority map based on the BT is largely an artifact of research priorities, highlighting regions and resources that are relatively more studied, such as water resources or the coast.
Second, in our application, the two methods were valuing subtly different things. The BT approach intends to transfer the value of the ESs independent of the mechanism used to provide such services. The SCE estimates public preferences for how a PES program might be designed to conserve forest ESs. The results of the SCE describe relative WTP for a particular mechanism that will provide ESs. In this respect, the object being valued in the SCE more closely matches our ultimate goal of informing conservation priorities.
Although these points suggest greater validity of the SCE priority map in this application, neither valuation approach is clearly preferred in all applications. BT techniques can be used to estimate the value of a variety of ESs, do not require original data collection, and are generally cheaper and quicker. However, there are often issues related to joint production, correspondence between the original study and the new policy site, and the lack of previous valuation studies. Even when previous studies exist, selection effects and regional differences in preferences might bias transfer results.
Stated preference techniques can potentially estimate joint values of multiple ESs but are generally expensive and slow and have other limitations. In our SCE, the variety of ESs considered was relatively small to minimize the cognitive burden on the respondent. For the same reason, we could not consider different possibilities for how the priority program would be implemented. The presence of too many attributes in a choice experiment quickly leads to questions that are too complex for a mail survey. Nonresponse and hypothetical bias can also be a concern, although if the focus is on the relative value of different attributes as in our case, this might be less troubling.
The nonmarket valuation literature has long focused on producing precise estimates of household or aggregate WTP for a particular environmental change. However, the decisionmaking framework increasingly used by resource managers requires a broad assessment of the relative value of different aspects of a landscape. This is a different problem, but one that is well suited to the economist's toolbox. Still, caution must be used, and the shift in valuation objective should not be overlooked. Our study focused on estimating relative benefits of forest conservation incentive programs across the landscape. In doing so, methods were chosen that might result in less precise measures of the absolute value of the ESs provided. So, although our value estimates can be used to develop conservation priority maps, they should not be used to determine how much landowners should receive for a given acre of land. Additional valuation data, with a different focus, are needed to answer that question. the use of incentives to address environmental issues, either through market-like systems, direct payments, or tax incentives, can be found before this time, but the connection to the concept of ESs was more recent. 2. The low end of this range includes nonriparian, nonwetland, nonurban, low species richness, nonevergreen forests ($212 ϭ $28 in gas and climate regulation ϩ $184 in pollination). The high end of this range includes urban wetlands with high species richness ($8,800ϭ$381ingasandclimateregulationϩ $8,196 in water regulation and supply ϩ $223 in habitat). 3. NGENE (ChoiceMetrics 2010) was used to create an orthogonal main-effects design that required 32 different choice questions blocked into eight groups (four questions per respondent). 
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